ABSTRACT Sendai virus envelopes and human erythrocyte band 3 membrane polypeptides were isolated in detergent solutions and coreconstituted into detergent-free vesicles structurally resembling viral envelopes. Formation of hybrid viral envelope-band 3 vesicles (VB3) was demonstrated by immunoprecipitation of VB3 containing 4,4'-diisothiocyano-2,2'-ditritiostilbenedisulfonic acid-labeled band 3 in the presence of antiviral antiserum. The hybrid VB3 vesicles displayed agglutination, fusion, and hemolytic properties similar to those of reconstituted viral envelopes. Incubation of VB3 with Friend erythroleukemic cells resulted in fusion-mediated insertion of viral antigens and of band 3 into the plasma membranes of the recipient cells. The presence of band 3 incorporated into Friend erythroleukemic cells was revealed structurally by electron microscopy after staining with ferritin-conjugated anti-human erythrocyte membrane antiserum. Incorporation of band 3, the putative erythrocyte anion channel, led to a marked and specific stimulation of anion exchange in Friend erythroleukemic cells.
antiviral antiserum. The hybrid VB3 vesicles displayed agglutination, fusion, and hemolytic properties similar to those of reconstituted viral envelopes. Incubation of VB3 with Friend erythroleukemic cells resulted in fusion-mediated insertion of viral antigens and of band 3 into the plasma membranes of the recipient cells. The presence of band 3 incorporated into Friend erythroleukemic cells was revealed structurally by electron microscopy after staining with ferritin-conjugated anti-human erythrocyte membrane antiserum. Incorporation of band 3, the putative erythrocyte anion channel, led to a marked and specific stimulation of anion exchange in Friend erythroleukemic cells.
The viral-mediated insertion of an isolated membrane protein into viable Friend erythroleukemic cells provides a method for studying membrane protein turnover and for assaying reconstituted membrane components such as carriers or channels. Methods of membrane fusion have provided efficient means for introducing agents into recipient cells and have opened new routes for studying intracellular processes, genetic engineering, and chemical therapy (1) (2) (3) . Fusion, however, might also serve as a means for introducing molecules into plasma membranes and thus help to elucidate structure-function relationships of membrane components.
Here we describe a method for inserting isolated, functional membrane proteins into plasma membranes of living eukaryotic cells. The method makes use of the facts that: (i) during incubation of Sendai virus with cells, the viral envelope fuses with the host cell membrane, thus inserting its antigens into it (4); (ii) isolated and reconstituted viral envelopes formed by removal of detergent from detergent-solubilized viruses interact and fuse efficiently with cell plasma membranes just as intact viruses do (5, 6) ; and (iii) even after massive fusion, the host cells remain viable (7) . This paper describes the isolation and coreconstitution of the erythrocyte anion channel (8) (Fig. 1) .
The [3H]H2DIDS radiolabeling and DIDS inactivation of band 3 protein were as described (9 (C) Radioactivity pattern of B. Sodium dodecyl sulfate gels (7.5% polyacrylamide) were run and stained as described (15) . The gels were cut into 3-to 5-mm slices, dissolved in 0.5 ml of H202 (30%o) at 800C for 6 to 12 hr, and assayed for radioactivity. Quenching was ca. 50%. B-3, human erythrocyte band 3 polypeptides (Mr 100,000; see ref. 11); HN and F, Sendai virus agglutinin/neuraminidase (Mr, 65,000) and fusion factor (Mr 53,000), respectively. (14) with 0.1% sodium dodecyl sulfate, using bovine serum albumin as standard. Sodium dodecyl sulfate/polyacrylamide gel electrophoresis (7.5% acrylamide) was performed as described (15) . 5 ug of protein, 1800 cpm) (system B). System C contained a mixture of reconstituted (P3H]-H2DIDS-labeled) band 3 vesicles (25 ,l) and reconstituted viral envelopes (15 Mul), which was incubated for 10 min at 40C before the addition of FEL cells. All three systems were incubated for 10 min at 40C followed by three washes with cold buffer-Na, resuspension in 0.5 ml of buffer-Na (I), and incubation at 370C for 30 min in the presence of medium containing CaCl2 (5 mM) . At the end of this period the cells were washed twice with warm buffer-Na (II) and were grown for 3 hr in Dulbecco's growth medium (III). Radioactivity associated with cells was assayed at the end of each incubation period (I-III). The data are given as averages of two independent experi- 
RESULTS
The long dialysis required for removal of Triton X-100 ( Fig.  1) (Table 3) .
Anti-human erythrocyte membrane antiserum interacted with the aforementioned preparations of band 3, as assayed by its ability to precipitate band 3 protein (Ouchterlony method, not shown) or reconstituted band 3 vesicles (see Table 2 ) as well as by its ability to stain specifically (in combination with ferritin-conjugated IgG) the reconstituted band 3 vesicles (not shown). Therefore, the presence of band 3 108 cells from each system were first washed in warm buffer-Na, suspended in 0.3 ml of medium, and then used for measuring 36C1-influx, as described below. In one instance DNDS (1 mM) was added prior to 306C-(A). System (+) consisted of FELW incubated in 10 ml of buffer-Na with 30,ul of VB3 vesicles at 40C, then washed in the cold, and immediately assayed for wCl-influx (no vesicle-cell fusion occurred). Human 4 (1) Vesicle preparations and fusion conditions were as described in Materials and Methods, except for the system in which Sendai virus antiserum added to FEL cells preincubated with VB3 at 40C for 10 mij. The various FEL cells (0.4 X 108 per system) were cultivated (in duplicate) for 3 hr at 370C, centrifuged, washed, suspended in 0.3 ml of buffer-Na, and loaded with NaNCl (3 1ACi; 1 Ci = 3.7 X 1010 becquerels) for 10 min at 370C. DIDS (0.1 mM) was added to only one of the duplicate cell systems and the reaction was carried out for 20 min at 370C. At the end of this incubation period, the cells were centrifuged and washed twice with ice-cold buffer-Na (2000 rpm, 1 min, 40C), the washed pellets were disrupted by addition of 1 ml of 5% trichloroacetic acid and, after sedimentation, the clear supernatants were assayed for radioactivity. Human erythrocytes [0.3 ml, 10% (vol/vol)] suspended in buffer-Na were treated as FEL cells, except that the loading period with Na36Cl without DIDS was only 2 min at 370C. Numbers of experiments are given in parentheses.
* The radioactivity retained either in human erythrocytes washed in the presence of DIDS or in FEL cells washed without inhibitor was taken as 100%. tIt should be noted that DIDS occasionally caused up to 10% lysis of FEL cells, a fact that might explain the small loss of Cl-observed in DIDS-treated cells.
preparations were first incubated with anti-human erythrocyte membrane antibody (Fig. 3 A and B) . Incubation at 370C of cells agglutinated by VB3 vesicles led to disagglutination and partial cell fusion, as revealed by phase-contrast microscopy (not shown). Under the electron microscope, no intact VB3 vesicles attached to cell surfaces could be detected, but ferritin particles were found spread out loosely on the plasma membrane itself (Fig. 3 C and D) . This clearly indicates that, during incubation of VB3 vesicles with FEL cells at 370C, band 3 polypeptides were inserted into the plasma membrane of the cells in a manner similar to the incorporation of viral envelope proteins (4-6).
Successful incorporation of band 3 polypeptides into FEL cell membranes should provide FEL cells with a high chloride transport capacity, as opposed to the normal low level observed in control FEL cells (16, 17) . The results shown in Table 4 demonstrate that, whereas untreated FEL cells preequilibrated with 36CI-at 370C exhibited minimal egress of intracellular GCI during successive washings at 4°C, VB3-fused FEL cells showed a marked egress of 36CI-at 370C. That the latter represented band 3-mediated anion transport is supported by the fact that DIDS, a specific inhibitor of erythrocyte anion ex- (8) , caused full inhibition of 36C-egress from VB3-fused FEL cells (Table 4) . That VB3 vesicles fused with, and not merely adsorbed onto, cells were responsible for the enhanced 36C1-transport is shown by the fact that antiviral antisera added to FEL cells mixed with VB3 at 40C prevented band 3 stimulation of Cl-transport (Table 4) . It should be emphasized that measurements of MCI-transport were done (Table 4 and Fig. 4 ) with cells grown for 3 hr after fusion with reconstituted vesicles in order to allow the cells to fully recover from the fusion process (4) .
Kinetics data on the appearance of a fast Cl-transport component in FEL cells after fusion with VB3 vesicles are presented in Fig. 4 . 36C-ingress at 00C (given in terms of the apparent rate constant k) was extremely fast in erythrocytes (k = 0.028 sec'1) but was relatively slow in untreated FEL cells (1 = 0.0003 sec'). However, FEL cells fused with VB3 vesicles displayed in the first 10 sec of 36C1-ingress a 50-to 100-fold increase in the value of k (Fig. 4) . This indicates the presence of a fast -"Cl-transport component originally absent in FEL cells. This component could be specifically blocked by assaying Cl-ingress into VB3-fused FEL cells in the presence of DNDS, a specific reversible inhibitor of erythrocyte anion exchange (8) . Furthermore, VB3-fused FEL cells that contained DIDSmodified band 3 also failed to transport 36C-at rates commensurate with those of erythrocytes.
A more careful analysis of the above kinetic data of Cltransport reveals that 36C-ingress into VB3-fused FEL cells is resolvable into two major components: fast and slow transport rates (Fig. 4A inset) (Table  4) . Furthermore, reconstituted band 3 vesicles incubated with FEL cells at 370C neither remained associated with cells after 3 hr of cell growth at 37'C nor caused the appearance of new anion transfer properties in FEL cells.
The following observations not only exclude mechanism b but also strengthen the view that the aforementioned results are explainable by fusion-mediated implantation of band 3 into FEL cell membranes (i.e., mechanism c): (i) Vesicles of viral envelopes could neither interact nor fuse with band 3 vesicles because the latter were deprived of virus receptors by neuraminidase treatment (4, 9) . (ii) Mixtures of reconstituted band 3 and virus vesicles failed to promote 36CI-transport in FEL cells. (iii) Only insignificant amounts of band 3 vesicles were associated with the FEL cells, either at 4VC or at 370C, after incubation of cells with mixtures of reconstituted virus and band 3 vesicles.
In the conditions specified in Table 1 , Fig. 1 , and (Table 3) , assuming all FEL cells fused with VB3 vesicles. However, because structural (not shown) and functional data (Fig. 4 inset) suggest that only a fraction of the FEL cell population (ca. 25%) displayed distinctive properties of VB3-FEL cells, the average number of band 3 polypeptides introduced per VB3-FEL cell is probably closer to 8 X 105. Our estimation of the transport activity (18) showed a 2-to 3-fold higher turnover rate per band 3 polypeptide in VB3-FEL cells than in erythrocyte membranes, indicating that additional factors in the FEL cell environment compensated for the effects of density by increasing band 3 
